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SUMMARY 

The test substance, JA900-DAA, was tested in the in vitro mammalian cell micronucleus test 
using human peripheral blood lymphocytes (HPBL) in both the absence and presence of an 
Aroclor-induced S9 activation system. A preliminary toxicity was performed to establish the 
dose range for testing in the micronucleus test.  The micronucleus assay was used to evaluate 
the aneugenic and clastogenic potential of the test substance. In both phases, HPBL cells 
were treated for 4 and 24 hours in the non-activated test system and for 4 hours in the S9-
activated test system. All cells were harvested 24 hours after treatment initiation.  Dose 
formulations were adjusted to compensate for the purity (51.4%) of the test substance, using 
a correction factor of 1.95. 

Water was used as the vehicle based on information provided by the Sponsor, the solubility 
of the test substance, and compatibility with the target cells.  In a solubility test conducted at 
BioReliance, the test substance formed a clear solution in sterile water at a concentration of 
approximately 50 mg/mL, the maximum concentration tested for solubility.  The formulation 
prepared for use in the solubility test also was adjusted for test substance purity using a 
correction factor of 1.95. 

In the preliminary toxicity assay, the doses tested ranged from 0.2 to 2000 µg/mL.  
Cytotoxicity [55 ± 5% cytokinesis-blocked proliferation index (CBPI) relative to the vehicle 
control] was not observed at any dose level in any of the treatment groups.  Based on these 
findings, the doses chosen for the micronucleus assay ranged from 250 to 2000 µg/mL for all 
three treatment groups. 

In the micronucleus assay, cytotoxicity (55 ± 5% CBPI relative to the vehicle control) was 
not observed at any dose level in any of the treatment groups.  The highest dose analyzed 
under each treatment condition was the highest dose tested in the definitive assay, which met 
the dose limit as recommended by testing guidelines for this assay.  A minimum of 1000 
binucleated cells from each culture were examined and scored for the presence of 
micronuclei.   

The percentage of cells with micronucleated binucleated cells in the test substance-treated 
groups was not statistically significantly increased relative to vehicle control at any dose level 
(p > 0.05, Fisher’s Exact test).  The results for the positive and negative controls indicate that 
all criteria for a valid assay were met. 
 
Based on the findings of this study, JA900-DAA was concluded to be negative for the 
induction of micronuclei in both non-activated and S9-activated test systems in the in vitro 
mammalian cell micronucleus test using human peripheral blood lymphocytes.   
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PURPOSE 

The purpose of this study was to evaluate the potential of a test substance and/or its 
metabolites to induce micronuclei in HPBL using cytokinesis-block methodology in the 
presence and absence of an exogenous metabolic activation system.  Historical control data 
are included in Appendix I.  A copy of the study protocol is included in Appendix II. 

The study was conducted in compliance with the OECD testing guideline 487 (OECD 2014). 

CHARACTERIZATION OF TEST AND CONTROL SUBSTANCES 

The test substance, JA900-DAA, was received by BioReliance on 24 March 2015 and was 
assigned the code number AE19WX.  Upon receipt, the test substance was described as a clear, 
colorless liquid and was stored at room temperature, protected from light. 

The Sponsor has determined the identity, strength, purity and composition or other 
characteristics to define the test substance and the stability of the test substance.  A copy of 
the Certificate of Analysis is included in Appendix III.  Based on the expiration date provided 
in the Certificate of Analysis, the test substance is considered stable through March 2017.  

The vehicle used to deliver JA900-DAA to the test system was: 

Vehicle Supplier CAS No. Lot No. Exp. Date 
Water Gibco 7732-18-5 1636484 Sep 2016 

 
Dose formulations were adjusted to compensate for the purity (51.4%) of the test substance, 
using a correction factor of 1.95. Test substance dilutions were prepared immediately before 
use and delivered to the test system at room temperature under filtered light.  

 
Positive control components used in the study were: 

Component Supplier CAS No. Lot No. Exp. Date 
Cyclophosphamide (CP) Sigma-Aldrich 6055-19-2 MKBS0021V Oct 2017 

Vinblastine (VB) Sigma-Aldrich 143-67-9 BCBL5194V 30 June 2015 
Sterile water Gibco 7732-18-5 1636484 Sep 2016 

 
VB was dissolved in sterile distilled water to stock concentration of 0.0005, 0.00075, and 0.001 
mg/mL (final concentrations of 5, 7.5, and 10 ng/mL, respectively) as the positive control in the 
non-activated test system.  CP was dissolved and diluted in sterile distilled water to stock 
concentrations of 0.25, 0.5, and 0.75 mg/mL (final concentrations of 2.5, 5, and 7.5 µg/mL, 
respectively) for use as the positive control substance in the S9-activated test system.  Since 
the non-activated and S9-activated treatment groups were tested concurrently, the positive 
control for the non-activated 4-hour exposure was eliminated.  For each positive control 
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substance, one dose level exhibiting a sufficient number of scorable metaphase cells was 
selected for analysis.  The vehicle for the test substance was used as the vehicle control for 
each treatment group. 

The vehicle and positive controls have been characterized as per the Certificates of Analysis 
on file with the Testing Facility. The stability of the vehicle and positive controls and their 
mixtures was demonstrated by acceptable results that met the criteria for a valid test. 
 
Cytochalasin B (cytoB) was dissolved in DMSO to a stock concentration of 2 mg/mL.  It was 
used at 6 µg/mL concentration to block cytokinesis. 
 
Dose Formulation Collection and Analysis 

Analyses to determine the concentration, uniformity and stability of the test substance dose 
formulations were not performed. 

MATERIALS AND METHODS 

Test System 

Peripheral blood lymphocytes were obtained from a healthy non-smoking 22-year-old adult 
male on 07 April 2015 for the preliminary toxicity assay and from the same donor on 
21 April 2015 for the definitive assay.  The donor had no recent history of radiotherapy, viral 
infection or the administration of drugs.  This system has been demonstrated to be sensitive 
to the genotoxicity test for detection of micronuclei of a variety of chemicals (Clare et al., 
2006). 

Identification of Test System  

Prior to treatment, the culture tubes were identified by the BioReliance study number, dose 
level, test phase, treatment condition, activation system and/or replicate design. 

Activation System 

Aroclor 1254-induced rat liver S9 was used as the metabolic activation system.  The S9 (Lot 
No. 3408) was obtained from Molecular Toxicology Inc. (Boone, NC).  Each bulk 
preparation of S9 was assayed by the supplier for sterility and its ability to metabolize at least 
two pro-mutagens to forms mutagenic to Salmonella typhimurium TA100. 

Immediately prior to use, the S9 was thawed and mixed with a cofactor pool to contain 2 mM 
magnesium chloride, 6 mM potassium chloride, 1 mM glucose-6-phosphate, 1 mM 
nicotinamide adenine dinucleotide phosphate (NADP) and 20 µL S9 per milliliter medium 
(RPMI 1640 serum-free medium supplemented with 100 units penicillin/mL and 100 µg 
streptomycin/mL and 2 mM L-glutamine). 
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Solubility Test 

A solubility test was conducted using sterile water to determine the highest soluble or 
workable stock concentration up to 50 mg/mL. 

Experimental Design 
 
The in vitro mammalian cell micronucleus assay was conducted using standard procedures  
(Kirsch-Volders et al. 2000; Parry and Sors 1993; Fenech and Morley, 1986; Fenech 1993) by 
exposing HPBL to appropriate concentrations of the test substance as well as the concurrent 
positive and vehicle controls, in the presence and absence of an exogenous metabolic 
activation system. 

Preparation of Target Cells  

Peripheral blood lymphocytes were cultured in complete medium (RPMI-1640 containing 
15% fetal bovine serum, 2mM L-glutamine, 100 units penicillin, 100 µg/mL streptomycin) 
by adding 0.5 mL heparinized blood to a centrifuge tube containing 5 mL of complete 
medium with 2% phytohemagglutinin. The cultures were incubated under standard conditions 
(37 ± 1°C in a humidified atmosphere of 5 ± 1% CO2 in air) for 44-48 hours. 

Preliminary Toxicity Test for Selection of Dose Levels 

HPBL were exposed to vehicle alone and to nine concentrations of test substance with half-
log dose spacing using single cultures.  Precipitation in the treatment medium was 
determined using unaided eye at the beginning and conclusion of treatment. The osmolality of 
the vehicle and that of the highest dose level in treatment medium was measured. In the 
absence of cytotoxicity or visible precipitate in the treatment medium, the highest selected for 
the definitive assay was the dose tested in the preliminary toxicity assay. 

 
Micronucleus Assay 

Four dose levels were tested using duplicate cultures at appropriate dose intervals based on 
the toxicity profile of the test substance.  Precipitation in the treatment medium was 
determined using unaided eye at the beginning and conclusion of treatment.  In the absence of 
cytotoxicity or visible precipitate in the treatment medium, the highest evaluated for 
micronuclei was 2000 µg/mL, which is the limit dose for this assay. Two additional dose 
levels were included in the evaluation. 

 
Treatment of Target Cells (Preliminary Toxicity Test and Definitive Assay) 

The pH was measured at the highest test substance concentration prior to dosing using test tape. 
 Treatment was carried out by refeeding the cultures with 4.5 mL complete medium for the non-
activated exposure or 4.5 mL S9 mix (3.5 mL serum-free culture medium + 1 mL of S9 
cofactor pool) for the S9-activated exposure, to which was added 500 µL of test substance 
dosing solution or vehicle alone.  In the definitive assay, positive control cultures were 
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resuspended in either 5 mL of complete medium for the non-activated studies, or 5 mL of the 
S9 reaction mixture (4 mL serum free medium + 1 mL of S9 cofactor pool), to which was 
added 50 µL of positive control in solvent.  

 
After the 4 hour treatment in the non-activated and the S9-activated studies, the cells were 
centrifuged, the treatment medium was aspirated, the cells were washed with calcium and 
magnesium free phosphate buffered saline (CMF-PBS), re-fed with complete medium 
containing cytoB at 6.0 µg/mL and returned to the incubator under standard conditions. For the 
24 hour treatment in the non-activated study, cytoB (6.0 µg/mL) was added at the beginning 
of the treatment.  

 
Collection of Cells (Preliminary Toxicity Test and Definitive Assay) 

Cells were collected after being exposed to cyto B for 24 hours (± 30 minutes), 1.5 to 2 normal 
cell cycles, to ensure identification and selective analysis of micronucleus frequency in cells 
that have completed one mitosis evidenced by binucleated cells (Fenech and Morley, 1986).  
The cyto B exposure time for the 4 hour treatment in the non-activated and the S9-activated 
studies was 20 hours (± 30 minutes). 

 
Cells were collected by centrifugation, swollen with 0.075M KCl, washed with fixative 
(methanol: glacial acetic acid, 25:1 v/v), capped and were stored overnight or longer at 2-8°C.  
To prepare slides, the cells were collected by centrifugation and if necessary, the cells were 
resuspended in fresh fixative.  The suspension of fixed cells was applied to glass microscope 
slides and air-dried.  The slides were stained with acridine orange and identified by the 
BioReliance study number, treatment condition, dose level, test phase, harvest date, 
activation system, and replicate tube design. 

 
Cell Cycle Kinetics Scoring (Preliminary Toxicity Test and Definitive Assay) 

For the preliminary toxicity test, at least 500 cells were evaluated to determine the CBPI at 
each dose level and the control. For the micronucleus assay, at least 1000 cells (500 cells per 
culture) were evaluated to determine the CBPI at each dose level and the control. The CBPI 
was determined using the following formula:   

 
CBPI = 1X Mononucleated cells + 2 x Binucleated cells + 3 x Multinucleated cells 

Total number of cells scored 
 
% Cytostasis (cytotoxicity) = 100 -100 {(CBPIt-1) /(CBPIc-1)} 
 
t = test substance treatment culture 
c = vehicle control culture 
 

Micronucleus Scoring (Definitive Assay) 

The slides from at least three test substance treatment groups were coded using random 
numbers by an individual not involved with the scoring process and scored for the presence of 



BioReliance Study No. AE19WX.348.BTL 11 

micronuclei based on cytotoxicity.  Whenever possible, a minimum of 2000 binucleated cells 
from each concentration (1000 binucleated cells from each culture) were examined and 
scored for the presence of micronuclei.  Micronuclei in a binucleate cell (MN-BN) were 
recorded if they meet the following criteria: 

• the micronucleus should have the same staining characteristics as the main nucleus. 
 

• the micronuclei should be separate from the main nuclei or just touching (no 
cytoplasmic bridges). 
 

• the micronuclei should be of regular shape and approximately 1/3 or less than the 
diameter of the main nucleus. 

 
Statistical Analysis 

Statistical analysis was performed using the Fisher's exact test (p ≤ 0.05) for a pairwise 
comparison of the percentage of micronucleated cells in each treatment group with that of the 
vehicle control.  The Cochran-Armitage trend test was used to assess dose-responsiveness.  
 
Criteria for Determination of a Valid Test 

Vehicle Controls 

The frequency of cells with structural chromosomal aberrations should ideally be within the 
95% control limits of the distribution of the historical negative control database.  If the 
concurrent negative control data fall outside the 95% control limits, they may be acceptable 
as long as these data are not extreme outliers (indicative of experimental or human error). 

  
Positive Controls 

The percentage of micronucleated cells must be significantly greater than the concurrent 
vehicle control (p ≤ 0.05).  In addition, the cytotoxicity response must not exceed the upper 
limit for the assay (60%).  

 
Cell Proliferation  

The CBPI of the vehicle control at harvest must be ≥ 1.4.   
 

Test Conditions 

The test substance must be tested using a 4-hr treatment with and without S9, as well as a 
24-hr treatment without S9.  However, all three treatment conditions need not be evaluated in 
the case of a positive test substance response under any treatment condition.    

 
Analyzable Concentrations 

At least 2000 binucleated cells from at least three appropriate test substance concentrations. 
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Evaluation of Test Results 

The test substance was considered to have induced a positive response if: 

• at least one of the test concentrations exhibits a statistically significant increase when 
compared with the concurrent negative control (p ≤ 0.05), and 

• the increase is concentration-related (p ≤ 0.05), and 

• results are outside the 95% control limit of the historical negative control data. 
 

The test substance was considered to have induced a clear negative response if none of the 
criteria for a positive response were met. 
 
Electronic Data Collection Systems  

Electronic systems used for the collection or analysis of data included but not be limited to the 
following (version numbers are maintained in the system documentation): 

System Purpose 
LIMS Labware System Test Substance Tracking 
Excel (Microsoft Corporation) Calculations 
Kaye Lab Watch Monitoring system (Kaye GE) Environmental Monitoring 
BRIQS Deviation and audit reporting 

 
Archives 

All raw data, the protocol, pertinent study email correspondence, and all reports for 
procedures performed at BioReliance will be maintained in the archives at BioReliance, 
Rockville, MD for at least five years, unless otherwise requested by the Sponsor.  At that 
time, the Sponsor will be contacted for a decision as to the final disposition of the materials. 
All study materials will first be copied and the copy will be retained by the BioReliance 
archives in accordance with the applicable SOPs.  Slides and/or specimens (as applicable) 
will be archived at EPL Archives and indexed as such in the BioReliance archive database. 
The raw data, reports, and other documents generated at locations other than BioReliance will 
be archived by the test site.  All unused test substance was disposed prior to report 
finalization. 

Deviations 

No deviations from the study protocol or assay method SOPs occurred during the conduct of 
this study.   
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RESULTS AND DISCUSSION 

Solubility Test 

Water was used as the vehicle based on information provided by the Sponsor, the solubility 
of the test substance, and compatibility with the target cells.  In a solubility test conducted at 
BioReliance, the test substance formed a clear solution in sterile water at a concentration of 
approximately 50 mg/mL, the maximum concentration tested for solubility.  The formulation 
prepared for use in the solubility test also was adjusted for test substance purity using a 
correction factor of 1.95. 

Preliminary Toxicity Test  

A preliminary toxicity test was conducted to observe the cytotoxicity profile of the test 
substance and to select suitable dose levels for the definitive micronucleus assay.  HPBL cells 
were first exposed to nine concentrations of JA900-DAA ranging from 0.2 to 2000 µg/mL, as 
well as vehicle controls, in both the absence and presence of an Aroclor-induced S9 
activation system for 4 hours, or continuously for 24 hours in the absence of S9 activation. 
The test substance was soluble in water and in the treatment medium at all dose levels tested 
at the beginning and conclusion of the treatment period.  The osmolality in treatment medium 
was measured as follows: 

Dose tested Dose levels 
(µg/mL) 

Osmolality 
(mmol/kg) 

Water 0 251 

Highest  2000 250 

 
The osmolality of the test substance dose level in treatment medium is acceptable because it 
did not exceed the osmolality of the vehicle by more than 20%.  The pH of the highest dose 
level of test substance in treatment medium was 7.5.    

The results of the evaluation of CBPI and % cytotoxicity are presented in Tables 1, 2 and 3. 
Cytotoxicity [55 ± 5% cytokinesis-blocked proliferation index (CBPI) relative to the vehicle 
control] was not observed at any dose level in any of the treatment groups.  Based on the 
results of the preliminary toxicity assay, the dose levels selected for testing in the 
micronucleus assay were as follows: 
 

Treatment 
Condition 

Treatment 
Time 

Recovery  
Time 

Dose levels 
(µg/mL) 

Non-activated 
4 hr 20 hr 250, 500, 1000, 2000 

24 hr 0 hr 250, 500, 1000, 2000 

S9-activated 4 hr 20 hr 250, 500, 1000, 2000 
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Micronucleus Assay 

In the micronucleus assay, the test substance was soluble in water and in the treatment 
medium at all dose levels tested at the beginning and conclusion of the treatment period.   
The pH of the highest concentration of test substance in treatment medium was 7.5.   

Results of the cytotoxicity and micronucleus analysis in the non-activated 4-hour exposure 
group are presented in Table 4 and Table 7, respectively.  The dose levels selected for 
analysis of micronucleus were 500, 1000, and 2000 µg/mL. At the highest test concentration, 
2000 µg/mL, cytotoxicity was 15% relative to the vehicle control. The percentage of cells 
with micronuclei in the test substance-treated group was not significantly increased relative to 
vehicle control at any dose level (p > 0.05, Fisher's Exact test). 

Results of the cytotoxicity and micronucleus analysis in the S9-activated 4-hour exposure 
group are presented in Table 5 and Table 8, respectively.  The dose levels selected for 
analysis of micronucleus were 500, 1000, and 2000 µg/mL. At the highest test concentration, 
2000 µg/mL, cytotoxicity was 17% relative to the vehicle control. The percentage of cells 
with micronuclei in the test substance-treated group was not significantly increased relative to 
vehicle control at any dose level (p > 0.05, Fisher's Exact test).  The percentage of 
micronucleated cells in the CP (positive control) group (1.2%) was statistically significant 
(p ≤ 0.01, Fisher's Exact test). 

Results of the cytotoxicity and micronucleus analysis in the non-activated 24-hour exposure 
group are presented in Table 6 and Table 9, respectively.  The dose levels selected for 
analysis of micronucleus were 500, 1000, and 2000 µg/mL. At the highest test concentration, 
2000 µg/mL, cytotoxicity was 35% relative to the vehicle control. The percentage of cells 
with micronuclei in the test substance-treated group was not significantly increased relative to 
vehicle control at any dose level (p > 0.05, Fisher's Exact test). The percentage of 
micronucleated cells in the VB (positive control) group (1.1%) was statistically significant 
(p ≤ 0.01, Fisher's Exact test). 

The results for the positive and vehicle controls indicate that all criteria for a valid assay were 
met.  The Common Technical Document (CTD) Summary Table is included in Appendix IV. 

CONCLUSION 

The positive and vehicle controls fulfilled the requirements for a valid test. 

Under the conditions of the assay described in this report, JA900-DAA was concluded to be 
negative for the induction of micronuclei in the non-activated and S9-activated test systems 
in the in vitro mammalian micronucleus test using human peripheral blood lymphocytes. 
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DATA TABLES 
TABLE 1 

PRELIMINARY TOXICITY ASSAY USING JA900-DAA 
 IN THE ABSENCE OF EXOGENOUS METABOLIC ACTIVATION 

4-HOUR TREATMENT, 24-HOUR HARVEST 

     
Treatment Total # Count per total cells CBPI1 Cytotoxicity2 
Condition of Cells Cells with # of nuclei   
µg/mL Counted 1 2 >2   
       
Water 500 177 277 46 1.738  
       
JA900-DAA       
0.2 500 193 258 49 1.712 4% 
0.6 500 174 287 39 1.730 1% 
2 500 187 257 56 1.738 0% 
6 500 178 274 48 1.740 0% 
20 500 216 242 42 1.652 12% 
60 500 170 272 58 1.776 -5% 
200 500 169 293 38 1.738 0% 
600 500 151 299 50 1.798 -8% 
2000 500 158 300 42 1.768 -4% 
       
1CBPI = Cytokinesis-Block Proliferation Index  
2Relative to vehicle control 
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TABLE 2 
PRELIMINARY TOXICITY ASSAY USING JA900-DAA 

 IN THE PRESENCE OF EXOGENOUS METABOLIC ACTIVATION 
4-HOUR TREATMENT, 24-HOUR HARVEST 

     
Treatment Total # Count per total cells CBPI1 Cytotoxicity2 
Condition of Cells Cells with # of nuclei   
µg/mL Counted 1 2 >2   
       
Water 500 152 315 33 1.762  
       
JA900-DAA       
0.2 500 161 303 36 1.750 2% 
0.6 500 155 310 35 1.760 0% 
2 500 228 254 18 1.580 24% 
6 500 216 259 25 1.618 19% 
20 500 195 286 19 1.648 15% 
60 500 198 266 36 1.676 11% 
200 500 211 266 23 1.624 18% 
600 500 200 282 18 1.636 17% 
2000 500 199 273 28 1.658 14% 
       
1CBPI = Cytokinesis-Block Proliferation Index  
2Relative to vehicle control 
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TABLE 3 
PRELIMINARY TOXICITY ASSAY USING JA900-DAA  

IN THE ABSENCE OF EXOGENOUS METABOLIC ACTIVATION 
24-HOUR TREATMENT, 24-HOUR HARVEST 

     
Treatment Total # Count per total cells CBPI1 Cytotoxicity2 
Condition of Cells Cells with # of nuclei   
µg/mL Counted 1 2 >2   
       
Water 500 165 241 94 1.858  
       
JA900-DAA       
0.2 500 156 264 80 1.848 1% 
0.6 500 151 254 95 1.888 -3% 
2 500 135 270 95 1.920 -7% 
6 500 126 278 96 1.940 -10% 
20 500 145 252 103 1.916 -7% 
60 500 149 251 100 1.902 -5% 
200 500 140 250 110 1.940 -10% 
600 500 153 254 93 1.880 -3% 
2000 500 227 250 23 1.592 31% 
       
1CBPI = Cytokinesis-Block Proliferation Index  
2Relative to vehicle control 
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TABLE 4 
CONCURRENT CYTOTOXICITY TEST USING JA900-DAA 

 IN THE ABSENCE OF EXOGENOUS METABOLIC ACTIVATION 
4-HOUR TREATMENT, 24-HOUR HARVEST 

      
Treatment Replicate Total # Count per total cells CBPI1 Cytotoxicity2 
Condition Culture of Cells Cells with # of nuclei   
µg/mL  Counted 1 2 >2   
        
Water A 500 178 275 47 1.809  
 B 500 115 330 55   
        
JA900-DAA 
250 A 500 168 285 47 1.755 7% 
 B 500 168 288 44   
        
500 A 500 158 296 46 1.788 3% 
 B 500 150 300 50   
        
1000 A 500 160 293 47 1.804 1% 
 B 500 140 303 57   
        
2000 A 500 186 284 30 1.684 15% 
 B 500 184 292 24   
        
1CBPI = Cytokinesis-Block Proliferation Index  
2Relative to vehicle control 
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TABLE 5 
CONCURRENT CYTOTOXICITY TEST USING JA900-DAA 

 IN THE PRESENCE OF EXOGENOUS METABOLIC ACTIVATION 
4-HOUR TREATMENT, 24-HOUR HARVEST 

      
Treatment Replicate Total # Count per total cells CBPI1 Cytotoxicity2 
Condition Culture of Cells Cells with # of nuclei   
µg/mL  Counted 1 2 >2   
        
Water A 500 164 306 30 1.726  
 B 500 172 296 32   
        
JA900-DAA        
250 A 500 158 326 16 1.665 8% 
 B 502 216 264 22   
        
500 A 500 204 274 22 1.662 9% 
 B 500 179 298 23   
        
1000 A 500 156 326 18 1.738 -2% 
 B 500 156 312 32   
        
2000 A 500 227 250 23 1.600 17% 
 B 500 213 270 17   
        
CP, 2.5 A 500 243 248 9 1.508 30% 
 B 500 265 228 7   
        
CP, 5 A 500 307 190 3 1.328 55% 
 B 500 368 132 0   
        
CP, 7.5 A 500 316 182 2 1.302 58% 
 B 500 384 116 0   
        
1CBPI = Cytokinesis-Block Proliferation Index  
2Relative to vehicle control 
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TABLE 6 
CONCURRENT CYTOTOXICITY TEST USING JA900-DAA 

 IN THE ABSENCE OF EXOGENOUS METABOLIC ACTIVATION 
24-HOUR TREATMENT, 24-HOUR HARVEST 

      
Treatment Replicate Total # Count per total cells CBPI1 Cytotoxicity2 
Condition Culture of Cells Cells with # of nuclei   
µg/mL  Counted 1 2 >2   
        
Water A 500 153 235 112 1.880  
 B 500 158 263 79   
        
JA900-DAA        
250 A 500 123 263 114 1.972 -10% 
 B 500 118 283 99   
        
500 A 500 173 280 47 1.804 9% 
 B 500 165 240 95   
        
1000 A 500 203 250 47 1.653 26% 
 B 500 213 265 22   
        
2000 A 500 215 270 15 1.568 35% 
 B 500 245 242 13   
        
VB, 5 ng/mL A 500 136 254 110 1.953 -8% 
 B 500 136 249 115   
        
VB, 7.5 ng/mL A 500 138 248 114 1.930 -6% 
 B 500 148 250 102   
        
VB, 10 ng/mL A 500 407 83 10 1.227 74% 
 B 500 388 100 12   
        
1CBPI = Cytokinesis-Block Proliferation Index  
2Relative to vehicle control 
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TABLE 7 
MICRONUCLEUS ANALYSIS OF HUMAN PERIPHERAL BLOOD LYMPHOCYTES TREATED 

WITH JA900-DAA IN THE ABSENCE OF EXOGENOUS METABOLIC ACTIVATION 
DEFINITIVE ASSAY: 4-HOUR TREATMENT, 24-HOUR HARVEST 

          
   Percentage of Average Percent 
Treatment Replicate Total # Micronucleated Micronucleated 
µg/mL Culture of Cells Binucleated Cells Binucleated 
  Counted per culture Cells per Dose 
     

Water A 1000 0.1% 0.2% 
 B 1000 0.2%  
     
JA900-DAA 
500 A 1000 0.1% 0.1% 
 B 1000 0.1%  
     
1000 A 1000 0.2% 0.2% 
 B 1000 0.2%  
     
2000 A 1000 0.2% 0.2% 
 B 1000 0.1%  
     
     
* p ≤ 0.05; ** p ≤ 0.01, Fisher's exact test, relative to the solvent control. 
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TABLE 8 
MICRONUCLEUS ANALYSIS OF HUMAN PERIPHERAL BLOOD LYMPHOCYTES TREATED 

WITH JA900-DAA IN THE PRESENCE OF EXOGENOUS METABOLIC ACTIVATION 
DEFINITIVE ASSAY:  4-HOUR TREATMENT, 24-HOUR HARVEST 

          
   Percentage of Average Percent 
Treatment Replicate Total # Micronucleated Micronucleated 
µg/mL Culture of Cells Binucleated Cells Binucleated 
  Counted per culture Cells per Dose 
     

Water A 1000 0.1% 0.1% 
 B 1000 0.1%  
     
JA900-DAA 
500 A 1000 0.2% 0.2% 
 B 1000 0.1%  
     
1000 A 1000 0.1% 0.2% 
 B 1000 0.2%  
     
2000 A 1000 0.1% 0.1% 
 B 1000 0.1%  
     
CP, 5 A 1000 1.3% 1.2%** 
 B 1000 1.1%  
     
     
* p ≤ 0.05; ** p ≤ 0.01, Fisher's exact test, relative to the solvent control. 
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TABLE 9 
MICRONUCLEUS ANALYSIS OF HUMAN PERIPHERAL BLOOD LYMPHOCYTES TREATED 

WITH JA900-DAA IN THE ABSENCE OF EXOGENOUS METABOLIC ACTIVATION 
DEFINITIVE ASSAY: 24-HOUR TREATMENT, 24-HOUR HARVEST 

          
   Percentage of Average Percent 
Treatment Replicate Total # Micronucleated Micronucleated 
µg/mL Culture of Cells Binucleated Cells Binucleated 
  Counted per culture Cells per Dose 
     

Water A 1000 0.2% 0.2% 
 B 1000 0.1%  
     
JA900-DAA 
500 A 1000 0.1% 0.1% 
 B 1000 0.1%  
     
1000 A 1000 0.1% 0.1% 
 B 1000 0.1%  
     
2000 A 1000 0.0% 0.1% 
 B 1000 0.1%  
     
VB, 7.5 ng/mL A 1000 1.0% 1.1%** 
 B 1000 1.1%  
     
     
* p ≤ 0.05; ** p ≤ 0.01, Fisher's exact test, relative to the solvent control. 
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APPENDIX I: Historical Control Data 
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IN VITRO MICRONUCLEUS TEST USING 
HUMAN PERIPHERAL BLOOD LYMPHOCYTES (HPBL) 

 
HISTORICAL CONTROL VALUES 

MICRONUCLEUS INDUCTION 
2012-2014 

 
NON-ACTIVATED TEST SYSTEM 

 

Historical 
Values 

Micronucleated Binucleated Cells (%) 

Negative Control 1 Positive Controls 
4-hour 24-hour 4-hour 2 24-hour 3 

Mean 0.37 0.37 3.75 1.80 
Standard Deviation ±0.21 ±0.24 ±1.70 ±0.91 
95% Control Limits 0.00-0.80 0.00-0.86 0.35-7.15 0.00-3.62 
Range 5 0.05-1.10 0.10-2.00 1.00-10.10 0.50-5.70 

 
 
 S9-ACTIVATED TEST SYSTEM 
 

Historical 
Values 

Micronucleated Binucleated Cells (%) 

Negative Control1 Positive Control 4 

Mean 0.32 1.52 
Standard Deviation ±0.19 ±0.45 
95% Control Limits 0.00-0.69 0.63-2.42 
Range 5 0.10-1.10 0.80-3.30 

 
1.  Solvents include water, saline, DMSO, ethanol, acetone, and other non-standard and 

Sponsor supplied vehicles. 
2. Positive control for non-activated 4 hour studies, Mitomycin C (MMC). 
3. Positive control for non-activated 24 hour studies, Vinblastine (VB). 
4. Positive control for S9-activated studies, Cyclophosphamide (CP). 
5. Range from minimum to maximum. 
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APPENDIX II: Study Protocol 



BioReliance Study No. AE19WX.348.BTL 28 



BioReliance Study No. AE19WX.348.BTL 29 



BioReliance Study No. AE19WX.348.BTL 30 



BioReliance Study No. AE19WX.348.BTL 31 



BioReliance Study No. AE19WX.348.BTL 32 



BioReliance Study No. AE19WX.348.BTL 33 



BioReliance Study No. AE19WX.348.BTL 34 



BioReliance Study No. AE19WX.348.BTL 35 



BioReliance Study No. AE19WX.348.BTL 36 



BioReliance Study No. AE19WX.348.BTL 37 



BioReliance Study No. AE19WX.348.BTL 38 



BioReliance Study No. AE19WX.348.BTL 39 



BioReliance Study No. AE19WX.348.BTL 40 

APPENDIX III: Certificate of Analysis 
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APPENDIX IV: Common Technical Document (CTD) Summary Tables
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2.6.7.8  Genotoxicity: In Vitro 
      
Report Title:  In Vitro Mammalian Cell Micronucleus Assay in Human Peripheral Blood 

Lymphocytes (HPBL) 
Test Substance: JA900-DAA 

Test for Induction of: Micronuclei No. of Independent Assays:  1 BioReliance Study No.: AE19WX.348.BTL 
Strains: Human Peripheral Blood Lymphocytes (HPBL) No. of Replicate Cultures: 2   
Metabolizing System: Aroclor-induced rat liver S9 No. of Cells Analyzed/Culture: 1000 
Vehicles: For Test Substance: Water For Positive Controls: Water (MMC, CP, VB) GLP Compliance: Yes 
Treatment: 24 hr without S9; 4 hr with 20 hr recovery period with and without S9 Date of Treatment: 23 April 2015 (Definitive Assay) 
 
Cytotoxic Effects: In the definitive micronucleus assay, cytotoxicity [55 ± 5% cytokinesis-blocked proliferation index (CBPI) relative to the vehicle control] 

was not observed at any dose level in any of the three treatment groups.  
 

Genotoxic Effects: None. 

 
 
MMC: Mitomycin C 
CP: Cyclophosphamide 
VB: Vinblastine 
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           Test Substance:  JA900-DAA (continued) 
 

    
Cytotoxicityb 

Percentage of 
MNBNc Cells 

Metabolic Test Concentration CBPIa (% of Per Total BNd 
Activation Substance µg/mL  Control) 

Cells Counted 
24-hr Continuous Water NA 1.880 NA 0.2 
Treatment JA900-DAA 500 1.804 9 0.1 
Without  JA900-DAA 1000 1.653 26 0.1 
Activation JA900-DAA 2000 1.568 35 0.1 
 VB 7.5 ng/mL 1.930 -6 1.1** 
      
4-hr Treatment Water NA 1.809 NA 0.2 
With 20 hr Recovery JA900-DAA 500 1.788 3 0.1 
Without JA900-DAA 1000 1.804 1 0.2 
Activation JA900-DAA 2000 1.684 15 0.2 
      
4-hr Treatment Water NA 1.726 NA 0.1 
With 20 hr Recovery JA900-DAA 500 1.662 9 0.2 
With JA900-DAA 1000 1.738 -2 0.2 
Activation JA900-DAA 2000 1.600 17 0.1 
 CP 5  1.328 55 1.2** 
      

MMC: Mitomycin C; CP: Cyclophosphamide; VB: Vinblastine; NA: Not Applicable; Fisher’s Exact Test:  * p ≤ 0.05; ** p ≤ 0.01. 
a. CBPI  = cytokinesis-blocked proliferation index 
b. Relative to vehicle control 
c. MNBN = micronucleated binucleated cells 
d. BN = binucleated cells
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